Both acute and chronic liver diseases have an effect on renal function. After liver transplantation we have to pay attention to the further loss of function because of applied calcineurin inhibitor treatment. It has a nephrotoxic side-effect, so the investigation of renal function is converted into an important mission in liver transplant patients. In our study we compared the results between formulas which use serum creatinine: MDRD, which use albumin too, has effectively other values than the Cockroft-Gault. We compared the two formulas in a retrospective analysis, in 187 patients at a stated time (before operation, after operation, 1 week, 1 month after transplantation). We got higher GFR at each date with Cockroft-Gault: mean difference 19.56%, 17.33%, 37.18% and 28.8%. In the range of 15-60 ml/min GFR, we found nearly twice as many patients by MDRD than by Cockroft-Gault. Median with MDRD: 79 ml/min, 65.1 ml/min, 52 ml/min, 49.5 ml/min; median with Cockroft-Gault: 93.8 ml/min, 78 ml/min, 70.1 ml/min, 69.4 ml/min, all are significant (p < 0.001). Many previous studies have already compared the two formulas in end-stage kidney disease. On the basis of these studies MDRD is also suitable under 30 ml/min GFR, but Cockroft-Gault formula just above it approached the real GFR measured with isotope methods. We got the similar conclusion in the examined patient group. It can be stated that MDRD is more suitable to determine renal function in liver transplant patients.
Liver transplantation is an universally conventional treatment of advanced liver diseases. The frequent alcoholic liver cirrhosis and HCC caused by hepatitis C or B viruses, metabolic or autoimmune diseases are main indications of transplantation. The results became better since the first transplantation. While twenty years ago 35% of the patients were alive at the end of the first postoperative year, nowadays it is more than 90% due to improvement of immunosuppressive treatment and surgical techniques. In spite of this, currently we still have to manage many complications, from which we attend to the decline of renal function in our study.
Chronic kidney disease (CKD), as defined by a reduction in the estimated glomerular filtration rate (GFR), is on the increase in Hungary, due to the greater prevalence of atherogenic (diabetes mellitus, hypertonia) nephropathy and the ageing of population. After liver transplantation we find further augmenting factors: on one hand the nephrotoxic calcineurin inhibitor (cyclosporin, tacrolimus) therapy, which prevents the rejection, on the other hand the operative procedure has an effect on renal function. Due to these factors, liver transplant recipients may reach the criteria of end-stage kidney disease (ESKD) ( Table 1 ) influencing badly the survival after transplantation [1] .
Recently, Fisher investigated incidence of CKD during immunosuppressive medication. Renal function was estimated from serum creatinine levels. There was an elevated risk of chronic renal failure among patients with either high daily or high cumulative cyclosporin levels. Fisher emphasized the importance of correct dosing of immunosuppressive treatment [2] .
Many other factors have also an influence on renal failure. Two types may be distinguished: prerenal and intrinsic renal failure. Acute glomerulotubular balance disturbance, due to decrease of extracellular volume, belongs to the first type. Causes of decrease may involve hypalbuminemia, hypovolemia, vasodilatation and hepatorenal syndrome as a result of vasoconstriction of afferent arterioles. Loss of glomerular perfusion results in the reduction of urine production. It can be prevented by filling up the extracellular and circulating volume, so good circulation and its consequence, good glomerular filtration rate, are predictors of good renal function. The second type of failure is caused by diseases of the renal tissue itself: acute ischemia triggers acute tubular necrosis, while the nephrotoxic drugs, such as antibiotics, NSAIDs and immunosuppressants can result in acute interstitial nephritis. Therefore accurate determination of renal function is required in these patients. The liver transplant survival correlates with pretransplant renal function: poor outcomes are seen in patients in whom ESKD develops. We have to consider this before placing the patient on the waiting list [3] . In the Child-Pugh classification, which was used previously, the serum creatinine level is not found in the counted parameters. The basis of score is bilirubin, albumin, prothrombin, encephalopathy and ascites, then patients are classified in A, B or C stage. The Mayo Clinic made a more suitable classification: Model for Endstage Liver Disease (MELD) [4] . We use MELD to estimate who has more benefit than with risk of liver transplantation. The factors for calculating the score are: bilirubin, prothrombin (INR) and serum creatinine level [5] . After previous dialysis treatments the patients get maximum score influencing the prognosis: transplantation is not advisable either with a high score close to 40, or with a low score. While in the first case the patient is in too poor status, in the second case in too good status for surgery. Patients get extra points and so the score is higher in hepatocellular carcinoma, hepatopulmonary syndrome, familiar amyloidosis and primary oxaluria, than the score expected on the basis of laboratory values. Unfortunately MELD classification has many limitations. First of all, in many cases it does not correlate with the patient's status as required: we got better prognosis with ascites, spontaneous bacterial peritonitis, variceal bleeding and encephalopathy. In addition, the MELD is unable to predict either living donor liver transplant recipient or graft survival in the first postoperative year [6] . For this reason many researchers tried to modify it. Kawaguchi et al. investigated the interaction between MELD score and body mass. They found that body mass was a powerful predictor [7] . Huo et al. offer to use MELD corrected creatinine for women. Moreover there are many current researches to find new prognostic factors [9, 10] , like Lewsey et al. who have made a new estimating model to predict 90-day survival [11] .
Traditionally, GFR has been considered the best marker of kidney function. In clinical practice, renal function is typically estimated from serum creatinine levels. The creatinine-based estimation equations (Cockcroft-Gault, MDRD) are more accurate. During the last few years different equations have been created in order to have a reliable, convenient and easy method to determine kidney function.
In the last few years cystatin C has been investigated as a prosperous factor. It is an endogenous molecule, involved in the metabolism of cysteine proteinases. It can be used as a marker of kidney function. It is especially important that cystatin C is produced by nearly all cells and its serum level, which correlates with renal function, is not affected by diet or other factors. In addition, we can apply special estimation formulas based on serum cystatin C (Hoek, Feller, Larsson). There were comparisons between these and previous methods, and according to initial results, cystatin C based calculations will be relevant in clinical practice [12] .
Recently White et al. investigated the interaction between serum cystatin C, serum creatinine, creatinine clearance and real GFR measured with renal scintigraphy. They got a correlation between serum cystatin C and renal GFR in all stages of cirrhosis under 70 ml/min, with a 80% sensivity and 80% specifity [13] .
Method
We adopted equations based on different parameters to estimate creatinine clearance without 24 hours urine collection. The Cockcroft-Gault equation was the first developed, today it is widely known. Ten years ago MDRD (Modification of Diet in Renal Disease) equation was developed for use in patients with CKD (mean GFR~40 mL/min). Many modifications of the equation n O R I G I N A L PA P E R S n n 311 n CEMED have been worked out to estimate the GFR. By use of this equation (eGFR) we can diagnose the severity of CKD and follow its progression (Table 2 ) [14] . Regular estimation of renal function is advised in cases of high risk of CKD even without symptoms.
Regular evaluation of eGFR among liver transplant patients is also critical [15] . But it is fundamental to determine the formula to be used for estimation, as the therapeutic and diagnostic procedures depend on real GFR.
The Cockroft-Gault formula, which was developed in 1976, is based on age, sex, body weight and height and serum creatinine level: Ccr = (140-age) × kg) / 72 × Scr (mg%) × 0.85 (if woman).
The great advantage of this formula is, that it is normalized to body surface area (BSA) and it is cheap and easy to count. Above 30 ml/min Cockroft-Gault is nearly corresponding to real GFR measured with isotope using direct methods, but under this rate it is false.
In 1999 the MDRD formula was developed. In the range of 15-60 ml/min GFR, we can estimate real GFR more accurately with this formula than with the previous equations. Several studies have confirmed that MDRD is more suitable than Cockroft-Gault to follow renal function among patients with end stage kidney disease (ESKD) [16] . In addition to the original 6-variable MDRD formula, the abbreviated 4-variable MDRD formula was also developed to make estimation easy for use. Toxic drugs secreted by kidney in a hyperbolic way: decline of GFR by 50% generates only a low raise of serum creatinine. On the other hand, there are many factors, such as diet, renal hypoperfusion, liver failure, which have an effect on serum urea level. Among examined groups, we have to pay attention to a further important parameter of MDRD, which is albumin level. This formula was developed for patients with ESKD and in this group hypalbuminemia with ascites can be also detected so albumin has importance too. After liver transplantation the most common complications are bleeding and acute rejection. All of them can produce function failure, and as a consequence, the fall of albumin level. After all, the question is: is the MDRD -which uses albumin -more effective or not than Cockroft-Gault formula in the postoperative period.
In our retrospective study, renal function was analyzed in 187 liver transplant patients who were transplanted at our department between January 1, 2003, and December 31, 2007 (Fig.  1) . 76 female and 111 male patients, aged between 18 and 68 years, were investigated,. We calculated the estimated glomerular filtration rate according to the 6-variable MDRD and Cockroft-Gault formula in the following timescale: before operation, after operation, 7 days after transplantation, 1 month after transplantation.
Results
We got higher GFR in every time period with Cockroft-Gault: mean difference 19.56%, 17.33%, 37.18% and 28.8%, respectively. In the range of 15-60 ml/min GFR, we found nearly twice as many patients by using MDRD (49, 78, 96, 44 patients) than by using Cockroft-Gault formula (26, 45 , 55, 37 patients). Median with MDRD: 79 ml/min, 65.1 ml/min, 52 ml/min, 49.5 ml/min, median with Cockroft-Gault: 93.8 ml/min, 78 ml/min, 70.1 ml/min, 69.4 ml/min (Fig. 2) . During the statistical analysis we found that the F-probe showed different standard devi- ations by the two formulas. So the relationship between MDRD-GFR and Cockroft-Gault-GFR was examined by Welch analysis. We found all of them significant at each time point(p < 0.001).
Conclusions
On the basis of our investigation, we can decide which formula is more suitable to determine renal function in liver transplant patients. The 6-variable MDRD equation correlates with real GFR better than Cockroft-Gault as well under 60 ml/min as above 60 ml/min. The Cockroft-Gault equation considerably overestimates renal function in both ranges, but especially in the low one. This is not acceptable among patients who have nephrotoxic treatment: early accurate detection of loss of renal function is especially important for them. It is possible to stop the decrease of GFR and to treat complications in time. The advantage of the abbreviated 4-variable MDRD formula is that it is not necessary to know the body weight, body height or BSA. As a consequence of this, GFR can be calculated in laboratory in the knowledge of serum creatinine, age and sex. In 2005, MANET with MLDT worked out a recommendation, which offered to estimate GFR based on equations and to indicate results on laboratory report in routine way [17] . From the year 2006 the US and British guides have been suggesting application of eGFR calculated with MDRD [18] . Nowadays, there are more and more laboratories corresponding to these recommendations in Hungary too: due to the wide standardization of Scr assays, among every patient older than 18 years, eGFR is calculated on the basis of measured Scr, age and sex, supposing not black race.
Mátyus also emphasized the importance of calculation of GFR [19] . It is important that the Scr and eGFR should be done in the same laboratory, as there are different methods [20, 21] . It is suggested to use 4-variable MDRD equation (186-MDRD) at the former classic Jaffe measuring, but with recent Jaffe kinetic or enzymatic method the 170-MDRD-equation is recommended. In our laboratory Jaffe kinetic method is applied. The national distribution of different methods is shown on Fig. 3 .
In 2007, Poggio et al. analyzed several alternative possibilities to monitor renal function among patients who received kidney or other organ transplant. On the basis of their results, worse graft survival can be predicted in case of increased serum creatinine level. However, Scr measure laboratory methods should be standardized. This issue will be solved in the near future by the wide standardization of Scr assays, as recommended by the National Institute for Standardized Technology (NIST). In addition to this, Poggio et al. suggested to develop new formulas instead of present equations for liver transplant patients [22] .
Many studies have already compared the usefulness of the two examined equations in different patient groups. As result, MDRD, which is based on more parameters, is more informative than Cockroft-Gault formula. Ruilope et al. reached the similar conclusion [23] . In their study, they investigated the relationship of cardiovascular death, proteinuria and GFR among high risk patients with hypertonia treated with valsartan. They reported that proteinuria was the best prognostic factor of CV risk under 60 ml/min apart from GFR calculating methods, but above it, they found better correlation between MDRD and CV outcome than with Cockroft-Gault. They offer to use MDRD to determine accurately CKD, as a serious CV risk among patients with hypertonia: low GFR, less than 60 ml/min, means equal risk as hypertension above 180/110 Hgmm, cholesterol level above 8.0 mmol/l or plaques without symptoms [24] . As regards our study, the use of MDRD formula is suggested instead of Cockroft-Gault formula. Several works have been tried to find the most suitable method to monitor renal function in deceased or living donor kidney transplant recipients or in patients with CKD or cirrhosis. These studies gave variable results: depending on the patient group, either MDRD based on serum creatinine or formulas based on cystatin C are more suitable [25, 26] . On the basis of our investigation, we suggest to use MDRD among liver transplant patients.
